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CCMPARTSON OF THE CONTROL-FORCE CHARACTERTSTICS
OF TWO TYPES OF LATERAL-CONTROL
SYSTEM FOR LARGE ATRPLANES

By Owen J. Deters
SGMARY

An analysis of wind-tunnel dets for two types of lateral-
contreol system for large airplanes was made to determine the
control~force characteristics and rolling effectiveness of each
gystem. The two types of lateral-control system are a spring-tab
alleron and & combination spoiler and gulde or pilot-alleron
arrengement. Two conilgurations of the spring-teb alleron were
examined: one with ailerons interconnected and a central spring
unit and one with allerons not Interconnected and separate spring
units for each allsron. In addition, for the confilguration with
ailerons interconnected, the geared spring teb as well as the
ordinary ungeered spring tab was congldered. Similarly, two con-
Flgurations of the spoiler pilot-aileron control system were
considered: one in which the complete spoiler was employed snéd
one 1n which the outhoard segments dlirectly in front of the pilot
alleron were removed.

A comparlson of the control-force charachteristics of the
-8pring~tab control system and the spoller pllot-alleron control
system indicated, In general, that at high speeds the spring-tab
alleron would provide slightly greater rolling effectiveness for
smaller control forces than would the spoiler system but at low
speeds much larger values of rolling effectiveness would be
obtained with the spoiler pilot-aileron system than with the
apring-tab system for a given value of control force.

When any eppreciable upfloating tendency of the allerons
exlsts, the spring-itab alleron conflguration in which the ailerons
are Interconnected would be the most desirsbls.

The effect of removing the outboard spoiler segments directly
in front of the pllot aileron was to increase the control forces
of the spoller pilot-aileron control system for a given value of
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the wing-tip helix angle pb/2V and to reduce the maximum value
of pb/ev.

INTRODUCTION

With the Increase in size and speed of airplanes, the
problem of providing asdeguate coanbrol with acceptable control
forces has becoms increasingly difficult, particularly in the
cage of lateral controls. Two lateral-control systems that
have shown promise of providing a satisfactory solution to the
problem of lateral control Tor large alrplenes are the spring-
tab alleron snd the combination spoller and gulde or pllot alleron.
The pllot alleron is e short~span alleron located at the wing tip
and operated in conjunction with the spoiler. The gpring-tab
type of control system is well established and has been described
in numerous papers (for example, reference 1l). The spoiler pilot-
alleron control system, a. comparatively recent develompment (refer-
ence 2), employs & clrcular-arc-type spoiler as the main control
and a pilot aileron at the wing tip. The pilot alleron is used:
(1) to provide a mesns of correcting sny overbalance of the system
resulting from spoiler hinge moments, (2) to correct the ineffec-
tiveness of the spollsr at small projections, and (3) to provide
means of correcting any lag which may result from the spoilers.

Wind-tunnel data are availeblé (references 3 and 4) for
both types of control system from tests of a partial-spen wing
nmodel of a large bomber-type alrplane, and an analysls was nmade
to determine the general control-force characteristice of the
two types of control system. Control Porces and the corresponding
wing-tip helix angles were estimated for a high-speed and low-speed
attitude of an assumed airplene. Two configurations of the spring-
tab control system were examined: one with ailerons interconnected
and a central spring wnit and one wilth allerons not interconnected
and separate spring units for each aileron. ITn addition, for the
configuration with allerons intercomnected, the geared spring-tab
as well as the ordinery spring-tad system was ‘considered. Simllarly,
two configurations of -the spoiler pllot-aileron system were con-
sidered: one in which the complete spoiler was nsed and one in
which the outboard: spoiler segments directly .in front of the alleron
were ‘removed. '
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. wing cho¥d; feet

SYMBOLS

1ift coefficient

rolling-moment coefficlient

yawing-moment coefficlent

spring-tab ailsron hinge-momant coefficieﬁt._
pilot-aileron hinge-moment coefficient
spoiler hinse-mqment coeffi;iéntl'
tab hinge-moment coefficient
angle of attack, degrees )
spring-tab sileron deflection, degrqes

pilot-aileron deflectlion, degrees

alleron-horn deflection (measured from position of horn
when control wheel is neutral), degrees

tab deflection, degrees

spoiler deflection (measured from position of spoiler when
upper surface is tangent to wing surface), degrees

control-wheel deflectlion, degrees

angular difference between deflection of ailleron and aileron
horn, degrees '

wing-tip helix angle, radians

ﬁing_span,'feet

gileron chord behind. hinge lins, feet
rolling velocity, radians per second

true alrspeed, feet per second



b NACA TN No, 1hhl

Vi ~indicated airspeed, miles per hour
a dynemic pressure, pounds per square foot
Py aileron control force, pounds
say gpoiler pilot-aileron control force, pounds
K spring-unit constant, pound-feet per degree 6
P spring-unit preload, pound-feet
Hy spring~-tab aileron hinge moment (positive when tending to

produce & positive aileron deflection), pound-feet

Hg pilot-aileron hinge moment (positive when tending to
P produce a positive ailleron deflection), pound-feet
By spoller hinge moment (positive when tending to produce
a positive spoller deflectinn), pound-feet
Hy tab hinge moment {positive when tending to produce a

pogitive tab deflection), pound-fest

1, m, n dimensions of spring-tab system shown in figure 2

ASSUMED ATRPLANE AND FLIGHT CONDITIONS

Characteristices of Alrplane

The wind-tunnel data weore obtained from tests of a partial-
span wing model of a large bomber-type alrplane. The general
dimensions of the alrplane wing are shown in figure 1. The midchord
wing slots showm in figure 1 for the spring-tab alleron control
system are open only when the flaps are deflected. _Additional data
for the airplene not included in figure 1 are as follows:

Gross welght, pounds « « o 4 o « o 265,000

Wing area, square feet + « ¢ « o o v 2 s ¢ ¢ o o 4 ¢ 0 4 04 ﬂ???
Wing loading, pounds per s8quare fOOt « + + o o o o o o o 55 5
Aspect ratio L] [ ] - L2 [ ] L] L ] L] L] . * L ] * L L] L ] . . . L] L ] . » ll l
Taper ra—tio L Y L] L ] . L ] . L] [ ] » . * L[] . . L] . e L] L [ ] L] L ] . o 25
Control"f{heel di&metel‘, inches T & & T & & ¢ & 6 » ¢ & 9 @

Ratio of m %o n (fig. 2) P v e e e e e e e e e

Ratio of 1 to m for the geared ab (f1g. 2) v o o« ¢ 2/5
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Geometric Characteristics of the Two
Latsral-Control Systems

Spring-tab control system.- In the analysis of the spring-
tab aileron control system both the geared and ungeared, or
ordinary, spring-tab systems were considersd. The geared spring
tab is shown in the schematlc diagram of figure 2. A geared
spring tab wlll deflect as the control wheel is deflected although
there is no load on the system,but the ordinary spring tab will
not deflect when no load is on the system. It is evident from
figure 2 that the ordinary spring-tab system is a special case of
the geared spring-teb system. When the dimensions 7 end m are
equal, the system has no gearing; when 1 > m, the tab is geared
in ‘bhe convenetional menner; and when % < m, the teb will lead
the aileron. When the spring constent 1s zerc, the system becomes
& pure servocontrol and no gearling is possidble, L _

Two principal configuvations of the spring-ta'b control

system were also considered: one with ailerons interconnected . ___

and a central spring wmit (fig. 2(a)) and one with ailerons
not interconnected and eseparate spring units for each aileron

(fig. 2(1)).

The tab deflection 1s & function of 6, the angular dlffserence
between the sileron and eileron-horn deflections, and, for small
values of 6, 1s closely approximated by the relationshin

5.t==§9

The maximum teb deflection was limited to #20°. Although this
value may be slightly large, the test data did not indicate
any tendency for the tab to stall at +20° deflections.

The spring-unlt constant X 1is defined in terms of ©&. By
80 def}ning K <the control forces depend only on the ratios m/n
and 1/m.

The mechenical edvantage of the system was held constant for
all configurations and is defined as the rate of change of aileron-
horn deflection with control-wheel deflection. The mechanical
aedvantage employed in the estimation of the control forces was

a3y
Eg; = (0,20,
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Spoiler pilot-aileron control system.- The spoiler pilot-
alleron control system 1s a direct control system in which the
spoiler and pilot elleron are linked directly to the control wheel.
The ailerons operate in the conventional menner but the spoiler
remains in a neutral position with the positively deflected aileron.

Two configurations of the spoller are consldered. In the
firet configuration the complete spoiler is used as shown in
figure 1, whereas in the second configuration the two outboard
spoller segments directly in front of the slleron are removed.

The operation of the pilot alleron in the wake of the spoiler
could ceuse serious buffeting of the ailerony therefore, the effect
of removing the segments directly in front of the pilot aileron

on the characteristics of the system is determined.

The spoiler control forces were estimated for two rates of
deflection of the pllot aileron. In one arrangement the pilot-
aileron deflection varies linearly with the control-wheel deflection,
end in the second arrangement the pilot-alleron deflection varies
nonlinearly es shown in figure 3.

In the estimation of the control forces of the spoller pilot-
alleron control system the maximum control-wheel deflection was t135°,
and the maximum spoiler and pilot-aileron deflections were -60°
and ¥20°, respectively. :

The vent behind the spoiler (fig. 1) consists of a emall
duct (0.0lc) extending between the upper and lower surfaces of
the wing and is fixed in an open condition in the wing. It is
shown in reference 4 that an increase in rolling effectiveness
can be gained if the vent is not fixed in an open condition dut
remalns closed until the spoiler begins to deflect and then opens
completely. The control forces and helix angles were estimated
for an arrangement in which the vent was assumed to open instanta~
neously as the spoller began to deflect. Although the vent would
not open instentaneously in a practical instellation, the rate at
vwhich 1t opened would not affect the wing-tip helix angle.

Flight Conditions

The control forces end the correeponding wing-tip helix
engles are determined at two flight attitudes, that is, high-
speed and lending attitudes. The high-speed attitude ig the same
for both the spring-tab eileron and the spoiler pilot-aileron
control systems. The assumed conditions are C1, = 0.555, a = 3,59,
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and V4 = 198 miles per hour, which corresponds to a dynamic
pressure of 100 pounds per square foot. ) .

Inesmuch as partial-span single slotted flaps were smployed
with the spring-tab alleron control system and full-span double
slotted flaps were employed with the spoiler pillot-alleron control
system, the maximum 1lift coefficient in sach case was consideradbly
different. The low-speed attitude was chosen as 110 percent of
minimum speed, and ag & result of the d&ifference in maximum 1lift
coefficient for the two systems the low-spesd conditions are
slightly different for the two control systems. The assumed low-
speed conditions for the spring-ted aileron control system are

=1.85, «=14.09, and V; = 108 miles per hour, which
corresponds to g dynamic pressure of 30 pounde per square foot.
The assumed low-speed condltlons for the spoliler pilot-aileron
control system are Op = 2.16, o = 11.0°, and Vi = 100 miles
per hour, which corresponds to a dynamic pressure of 25.7 pounds
per sguare Toot.

ESTIMATION OF CONTROL FORCES AND #ING-TIP HELIX ANGLE

Representative plots of the wind-tunnel date from which the
control forces and wing-tip helix arigles were estimsted ars shown
in figure 4 for ‘the spring-tab aileron and in figure 5 for the
spoiler pilot-aileron control system, The aileron, tab, and
spoiler hinge moments are obtained from the hinge-moment coefficients
by the following equations: For the spring-tab aileron,

H, = 3524Cn,
for the tab,
Hy = 7.18qCy,

for the pilot aileron,

" 66.,15qC
. | ap = °°r12%he,
and for the spoliler,

Hg = 2.47aCy



8 NACA TN No. 1441

The rolling and yawing moments are cobtained from the rolling-moment
and yawing-moment coefficients by the conventional relationships.

The spring-tab aileron control forces and the corresponding velues
of the wing-tip helix angle pb/2V were determined by the methods
of reference 5. The control forces and the wing-tip helix angles
for the spoliler pilot-aileron control system were determined by a
method analogous to that described in reference 6. Although the
corrections to the spoilexr hings moments for the erfect of the
rolling motion of the airplane were determined by the methods
developed for conventionel ailerons (reference 6), the errors
resulting from the use of this methcd were negligible inasmuch as
the veriation of the spoiler rolling-moment and hinge-moment
coefficients with eangle of attack was small for the conditions
of this analysis. ) o '

The values of—the helix angle pb/2V for both the spring-
teb and spoiler pilot-alleron contrel systems were reduced
20 percent to account for the effects of yaw and Yawing motion
at low speeds and wing twist and compreesibility at high speeds.
Experience has shown that the empiricel reduction of the helix
angle by 20 percent is Justified for aileron controls. A 20~-percent
reduction in the hellx angle Por spoller contrble might be considered
too great since the static yawing moment of the spoilers would be
favoreble (of the same sign as the rolling moment) and would tend
to reduce the losas in rolling effectivensss caused by the dihedral
effect, Although the static yawing moment is gensrally favorable,
- it 1s relatively smell at high angles of attack, particularly when
full-span flape are deflected. The yawing moment due to- the rolling
motion of the airplane, however, is adverse (tending to reduce the
helix angle pb/2V) and hes a conslderably larger effect on the
helix angle than does the static yawing moment resulting from the
gpoiler. Inasmich s the yawing moment due to the alrplane rolling
motion 1s greater for full-span flaps than for the partial-span
flap configurations usually employed with allerons, it is believed
that this increase in yawing moment would counteract the Tavorable
static yawing moment of the spollers and that the empirical reduction
of the hellx angle by 20 percent is Justified for spoiler controls.
At the high=-speed attitude the helix angle may be slightly under-
estimated since the twisting momeni caused by spoiler controls is
uvsually smallexr then that caused by aileron controla.
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CONTROT~FORCE~CHARACTERISTICS OF THE WO
TATERATACONTROL SYSTIMS
Spring-Tab Control System

: The control-force characteristics of the spring-teb . aileron
are shown in figure 6 for the configuration in which the allerons
are intercomnected and in figure T for the case in whlch the
ellsrons are not interconnected.

Ailerons interoonnected.— At low speeds (fig, 6(e)) the
control forces were greatly reduced as the magnitude of the spring—
unit constant was decressed fram o« +t0 0., As the spring-unit
congstant is reduced, however, the maximum tab deflection is
reached at a smaller deflection of the allerons, and thus the
maximm value of the hellx angle atbained with the spring tab in
opsration 18 reduced.,

At high speeds (fig. 6(b}) the ailerons were slightly over—
balanced as shown by the hinge-mcament characteristics of figure hia).
The use of the spring tab greatly reduced the amount of over—
balaence; the use of a geared spring teb (the tab geared to lead the
eileron) campletely corwrected the overbalance, The tab gearing
had the disadvaptage, however, of increasing the gontrol forces in
the low-epeed attitude over those of the ordinary spring-teb
configuration, Sultable adjustments in the amount of tab gearing
and the spring-unit oconstant could be used to correct balance
without greatly inoreasing the control forces at low speeds over
the values obtained for the ungeared. spring tab.

Ailerons not interconnected.— When no intercomnection is
provided between the ailerons, the spring unlts must be preloaded
to prevent the ailerons from floating up &t low speeds, The control
forces presented in flgure 7 were eatlimated for the case in which
gufficlent preload was employed to prevent any upfloating of the
allerons in normal flight attitudes. The constant of each spring
unit was chosen to be one--half the velue foxr the central spring
uwnit of the intercomneoted—aileron configuratlion (25 1b~£t per deg 6).

- As a result of the large amount of preload, the control foroces
are not effectively reduced in elther the high-spesed or low-speed
attitudes. Allowing the ailerons o float up.a linmited emount would
meke the spring tab considerabhly more effective in reducing the
control forces, The minimum smount of preload whioch could be
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employed would be that amount sufficient to prevent the allerons
from floating in elther dirveation at high mpeeds. The preload
would, however, still be too large to pexmlt an effective reduction

in the control foroes by the spring-tsab.

In consideration of the smaller control forces obtalned when
the ailerons are interconnected and also of the dlsadvantages of
allowing the ailerons to float up when not interconnectsd, the
configuration in which the ailerons are interconneqted would be
the most desirsble sviing-tabh control arrangement. Further
advantages could be gained hy employing a differential linkage
for both configurations. By means of a differential linkage the
control forces might be reduced and the maximm helix angle increased.
The extent to which the control characteristles can be improved by
uge of the differential linkage is dependent upon the particular
characteristics of the control system. '

Spoller Pilot-Aileron Control System

The ocontrol-force charsotoristics of botilh configurations of
the spoiler pilot-aileron control eystem are shown in figure 8 for
the low-speed attitude and in figure 9 for the high-spsod atiltude,

Complete—spoiler configuration.— The spoiler pilot-aileron
control system employing the cumplete speiler ds overbalanced in
both the high-speed and low-speed attitudes (Figs. 8(a) and 9(a)).
The overbalanced control forces of the system are the result of
the spoller hinge-marent coefficients whiol were ovexrbalanced
through a large rangs of spoller deflectlon,

By the use of a nonlinear aileron deflection (ig. 3} the
overbalance of the system was greastly reduced but not campletely
ocorrected, The instentansous operation of the vent behind the
spoiler casused an increase in the maximum value of pb/eV of
about 3 percent at low opeeds end abcut 8 percent at high speeda.
At high speeds the control forces of the cauplete spoiler cor—
Plguration were very large for the higher values of pb/V. The
meximum values of pb/N were relatively small although at low
;peeds large values of pb/2V were obteined I'or smell control

OYCes.,

Canparing the control—~force characteristics of the spoller
pllot-eileron control system with those of the epring~tadb control
system indicates, in general, ‘that-at high speeds the spring-tab
alleron will provide nlightly greater rolling effectivenscss for
smeller control forces than the spoller system, In the low—speed
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attitude, however, much larger values of rolling effectiveness werse
obtained with the spoiler pilot-aileron system than with the spring-
tab system for a glven control Porce.

Partlal-spoller configuration.~ By the removal of the outboard
segments of the spoiler (figs. 8(b) and 9(b)) the overbalance of the
system was corrected in the high-speed sttitude and was greatly
" reduced at low speeds.  The nonlinear deflection of the aileron
completely corrected the overbalance at low speeds but greatly
increased the control forces for small control-whesl deflectiocns in
the high-spsed attituds. The maximum velue of pb/2V was decreased
about 15 percent as a result of removing the outboard spoiler
segments. In general, the effect of removing the outboard spoller
segments was to increase the control force at a glven value of the
wing-tip hellx angle and to reduce the maximum value of pb/2V. The
increase in control force when the outboard segments of the spoiler
were removed ls g result of an increase in the total alleron hinge
moment. The spoller segments directly in front of the ailleron have
a balancing effect on the hinge moment of the upgoing aileron (the
hings moments become more negative). Thus, removing the outboard
spoiler segments canses the up alleron hings moment to become more
Positive and therefore produces an increase in the total ailleron
hinge moment and, conseguently, in the control force.

CONCLUDING REMARKS

An analysils of wind-tunnel data for a épring tad aileron and
& spoller pllot-alleron control system was made to dotermine the
control-force characteristics and rolling effectiveness of each
. gystem.’

A compa.rison of the control-force characteristics of the
spring-tab control system and the spoiler pilot-alleron control’
system indicated, in general, that at high speeds the apring-tab
alleron would provide slightly greater rolling effectiveness for
smaller control forces than would the spoiler system but at low

speeds much larger values of rolling offectiveness would be
obtalned with the spoiler pillot-aileron system then with the
spring-tab system for a given value of control forcs.

When any apprecisble upfloating tendency of the allerons
exlists, the spring-tab alleron configuration in which the aillerons
are lntercornected would be the most desirable.
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The effect of remcving the outboard spoiler segments directly
in firont of the pllot-aileron was to increase the control forces
of the spoiler pilot-aileron control system for & glven value of
the wing-tip helix angle 3b/2V and to reduce the meximum value
of -pb/ev.

Lan,gle:f Memorial Aercnautical Iaboratory
National Advisory Comitiee for Aercnewtics
Lengley Field, Va., July 17, 1947
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istics were estimated.
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Figure 7.- Comparison of the variation of aileron conirol force with
wing-tip helix angle for several aileron control sysiems including
a spring-tab system having no interconnection between ailerons.
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Figure 9.- Comparison of the variation of spoiler pilot~aileron control force with wing-tip
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V; = 198 miles per hour.
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